4 




Europaisches Patentamt 
Enrop an Patent Office . 
Office eurppeen des brevets' 



(yy) publication number: 



0 142 481 

A2 



© 



EUROPEAN PATENT APPLICATION 



© Application number: 84850346.2. 
© Date of fifing: .08.1,1,84 



© lnt.q*: G 01 N 21/17 



© Priority: 14.li.83 SE 8306246 

© Date of publication of application: 
22.05.85 . Bulletin 85/21 . 

© Designated Contracting States: 

AT BE CH DE FR GB IT U LU NL SE 

© Applicant: McQueen, Douglas 
Master Bengtsgatan 10 
S-412 65G6teberg(SE) 

© Applicant: Helander, Per 
ApeJgatan27 •» 
S-582 45 Unkoping(SE) 

@ Applicant: Lundstrom,lngernar . . 
FargaregatanlO. 
S-582 52 UnkppInoJSE) 



< 



CO 
«* 

CM 



© Applicant: Torid berg, Lars 
Kampementsgatar-24 
S-115 3QStockholm(SE) ^ 

(72) Inventor:. McQueen, Douglas 

Master Bengtsgatan 10 * 
S-41265Gdteberg(SE) 

©Inventor: HelandorvPer 

Apolgatan27 ■* r . 

S-582 46 Linkdping(SE) 

@ Inventor: Lundstrom, Ingemar 
Fargaregatan 10 

S-58252Unk6ping(SEl / 

© Inventor: Fondberg, Lars 
Kampementsgatan 24 
S-11 5 3S Stockholm(SE, ; 

.© Representative: Roth, Ernst Adorf Michael 
GOTEBORGS PAi-ENTBYRAAB Box 5005 
S-402 2;Goteborg{SE) 



et af. 



© A method for analysis of a sample of a substance by means of photoacoustic or optot hernial spectroscopy and 
carrier for performing of the methccV '< ■'* ' *•'•» - ■'* ^ ■ *V i 

© A method for analysis by a sample of a substance by r'^ \? / / ' . 

means of photoacoustic or optothermal spectroscopy! The 
sample of substance is applied on , a sample carrier. (13). 
which is so dimensioned that 0.01 =^a.b=S 10 for the sample 
carrier with the sample at the intended wavelength and the 
modulation frequency, where a is the absorption coefficient 
of the sample and b is the thermal diffusion length for the 
sample at the intended modulation 'frequency. The, sample 
carrier with sample is brought to close contact with the 
photoacoustic or optothermal detector (12) of the measure- 
ment cell, where the measuring can be carried out. For a 
sample carrier with several layers, the layer facing the 
detector is detnensioned with a thickness which is at least 
one diffusion length b for the intended sample and the 
modulation frequency. The invention also relates to sample 
carriers intended to be used for performing the method. 
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A METHOD F OR ANALYSIS OF A SAMPLE OF A SUBSTANCE BY MEANS OF 
PHOTOACOUSTIC OR OPTOTHERMAL SPECTROSCOPY AND A SAMPUE CARRIER 
FOR PERFORMING OF THE ''METHOD f« t \ r 

Technical field A X{ - - v 2:*:..,,:.-* 

The present invention refers to a method and a ? sample - carrier 
for analysis of a sample of a substance by 'means of 
photoacoustic or optothermal "spectroscopy : . at- which' the 
coefficient of light absorption and thermal diffusion length 
of the sample and sample carrier is determining for the 
measurement result. At optothermal spectroscopy thV sample ' of • 
^ a substance is placed in contact 1 " with a : detect crv : ( e . g . a ! 
temperature expansion element with a " mecharioeleictr ic or a 
mechanooptic transducer) and "is illuminated lby i:: in£erisity-^ 
modulated light of a certain wavelength, wherein any '^absorbed 
lxght by th* sample causes tempera tore variations which 'aire : 
'* "^con'verted' to 1 jtfW '^ect^rd cal ,0* -opti-cal sig.naX.5 i9. the .. .detector . - 
AX photoacoustic spectroscopy .the sample is placed' in ' contact 
with a gas or a liquid, which transmits the signal caused by 
any absorbed light to a microphone of a hydrophone . the light 
here refers to all forms of electromagnetic radiation , ^visible 
or non visible. ' _v o..« 0 „ 



>>^ckcjrnu?d of the invgntior; 

A., common analysis method today is to utilize reflection 
spectroscopy for determinpt ior. of the sample rn' a "sample 
^r^er. The sample carrier is illumindtec by - light- of a 
desired wavelength from a certain angle. and the f diffused 
x-eflecting light is detected, or alternatively the r sample 
carrier is illuminated with dif fused light ^ flight "from 
different directions). The detected light gives information 
about the absorption in the sample carrier and by that in the 

.sample, which then can be. converted to inf rmation about the 

*' 1 '* - ; ••' s'io'sw ;.; i : . . - 

contents of the sample. r * 



1 



Sample carriers for this purpose are well-developed and 
sophisticted ..They can have- several layers, which have 
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different: functions: mechanical, support. reagent carrier, 
separation layer, masking layer, collecting layer. etc. The 
layers can have different porosity and contain different 
reagents. Sample carriers of this kind can have a thickness of 
up to half a millimeter. They can be used for determination 
of blood and .other samples .. For blood sample carriers have 
been developed for clinic-chemical as well as for hematologic 
analysires... Similar systems have been developed for analysises 
in other fluids. 

Characteristic . for .reflection spectroscopy is that the result 
is dependent on both absorption and scattering within .he 
.sample. .According, tp!. the accepted Kubelk-Munk therory for 
reflection .spectroscopy , the amount of reflected light is 
proportional to the ratio between the absorption coefficient 
of thec^mple and its scattering coefficient . A conseqvence of 
t!>i= ir. that the. re«ult of the measuring does not change if a 
■ sample- is- diluted --^ith.. -a . -non-.s cat teeing -^nd non T .a>>qrb.in.g . . 
substance. The * absorption coefficient and ' the scattering 
coefficient are changed in the same proportion and ratio is 
unchanged. This is \ an inherent weakness of reflection 
spectroscopy when it concerns quantitative measurments. 

The result for reflection spectroscopy on solid materials is 
for the same reason dependent on the" structure of the sample . 
For -example for powder it is very important to keep a certain 
well, controlled particle size if it is intended to make 
quantitative measuiments. as the light scattering in the 
sample is strongly dependent o«. the size of the particles. 
This naturally has consequences for the designing of the 
sample carrier. A sample carrier for reflection spectroscopy 
must have very well-defined "and constant light scattering 
characteristics. It has been shown that optothermal 
spectroscopy at certain conditions is less sensitive for light 
scattering in the sample and th refore is more suitable for 
quantitative measur m nts than reflection spectroscopy. 

Furthermore it applies for reflection spectroscopy that the 
. ratio between the amount of reflected light and the 
Hi". ) OA- } DAD ORIGIN^ 
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absorption* .coefficient is ,non linear, i. e. that a" doubling -of 
the concentration, in a substance, does not lead to *a doubling 
of the; signal, rbut rather less tha.n a doubling of the signal.- 

This must be ? compensated, in .the ^ins.trument. *-■ 1 

'■"■***"* 5 ■ t ' .v..; c * • ( • 

Another disadvantage of reflection spectroscopy is that it is' ! 
difficult to" measure . on a limited layer of a homogenous " 



sample. How thick the layer is which is analyzed is determined 
only by the optic characteristics of the sample and' therefore 
varies with e.g. proportion of absorbing substance in the 
sample. A consequence of .this.is that for many analysises of 
blood it is neccessary to remove the red blood ceils before ' 
• the analysis can take place either by centrif ugatioh or the ' 
like before the sample.is applied on the sample carrier, or by 
a separation* layer, in the sample carrier, and in that case the 

• ' 1 ■■' : J.. - . • - 

red blood cells are rinsed ror wiped away after a certain time. 

' ' ' * 

• " • • < ■ ■ . , , ' . 

'ft-Stfay * -of Circumventing some disadvantages . of reflection, 
spectroscopy is to use optothermal spectroscopy and ah 
optdtherrhal detector according to the Swedish patent 424.024. 
A variant of an optothermal cell or detector consists of a 
temperature expansion element, e.g. a thin sapphire plate with 



. C7 V 



a mecharibelect'ric or • mechanopptic. transducer. e.g 
pi'ezo- electric ring glued, on - one of its sides . Intensity-' 
niO(j«ildted rs^i^tion ds ^i-rectud through, the opening i. s 'Hi* 

" ' " r: * ■ '•" r"r~> ; ' rtr / :? v r 

ririg and 'through the sapphire ag.ainst, the sample on the other 



side of the sapphire . The rhqat . .generated from the light 
abscrpcioi: causes*' a t . temper &ture expansion cf the sapphire, 
which effects the. pit r electric crystal. The piezo-electric 
crystal generates a signal with - the same frequency as the 
modulation frequency. Both the amplitude and the phase of the 
signal/ " is used " to .obtain ^ a . result which is linearly 
proportional to the 'concentrr-ation p,f ; the .absorbing substance 
in th ; 'sample> over a. . .jver : yj4 wide . concentration field. The 
mechanboptic concentration, of ythe. optothermal det ctor is 
consider ably : 'simpler and ♦ r more, rugg d than the corresponding i 
construction of a ref lectometer . 

; r r . 

The' l4yf?tG)fc&sorption in the sampl takes place in a layer, the 
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tPicKness .f which is deter-nined Py the power of •"»"< » ' 

^™x. "Vh. sPsorptiop deer.,... .xpon.hti.l'iv wsth «.... 
the . s ,mpl,., . • bpUined for » .M-.-tfttW 

di.tspcp, ,nd , r ? , ^ in tHe s , mWe . W „. IC ».. t . deptp 

,.„pi. " ^lci.„, for th. .omple- TP. hoot 

,„d . is the absorptsbn sapp „ ire doring . 

diffusion length. b according to 




Par diffusion applies 
;; P C-X, b ). Here K ' is \«***t conductivity, ~ xs the 

lar ; reqU ency Vfi light Adulation of the Copper . 6 xs 
he aensl/v'oV ,L sample an. % is^e Mature, capacity 
tne.den^xty constant ' pressure / For water and a modulation 

of the. sample at constant p 

hz' 'h«0.'0 2*«w» = 20 mirroraetet, 1 + v - - 

op - , — " — - — 1 

diffusion length bo 000.0s haxved. 

TP.s. ,U foots for .K.»pie _«.* it -pp.siPXe to n,.„u rst« 
proportion of he^iooin in o Plob'd s.n,pxo .without d» 
M --.^ of bXood sonpleV'.s tpe t«e«.X diffossop 

• ' ■ .•'•'. •- tho nuaktity of the "mple- under, the 
length determines the quantity o ,. Ko ,. maT 

" , • - • , -m^ ,-.*u<vi/«v t>ar. seme thermal 



diffusion ien 3 ths. s= TO ios which sro furtPer , swsy -W- 
th .rs„X 'diffusion XeostpVfros. tho sopphiro dp pot . t.* P, 
in the Assured si 9 nsX Vrd£ «* « optef pere,.X detector . even >f 
Xi 9 Pt ' pop.-trstis in this p.rt of tPe .«*.*.• »*»• 
detern-inW di'f ference between optbthor»sX spectroscopy 



reflection spectroscopy- 



„ c .„ oe^poioted but tPst the si 9 naX f ro„ the optothere,aX 
detector contains i„fcre,.tion ~.»dut „tpe. cos,p.sitson of 

*• ^ . . - . ... . _ z -.. iacc than a certain 
sample during the assumption tha-t^b. a xs less 

value tea. 10). which generally i's the case for e^e with 
Wood samples at the usual Modulation frequencies (from 
Hz to som hundred Hz). 
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The object: and most important features of the invention 



The object of the present invention is to provide a method for 
analysis of ,a sample f of substance in a photoacoustic -or" 



optothermal detector by , u js in g a sample carrier, whfich gives 
well defined, measurment results. This has been obtained by'the^ 

fact that the .sample is applied on a sampie carrier which ' is ; 

• rt^rr- .? ; «... -«■-, n v. ...... ^ 

so dimensioned that 0.01<a.b<10 for the sampie carrier 'with 
the sample , at the intended wavelength and the modulation 
frequency, where, a is the absorption coefficient of the sample' 
with , .sample - carrier at the intended wavelength s 'and b is the 
thermal diffusion length " For . tne sampie with the 1 ' sample 
.carrierw at the t .intended modulation frequency*, that the sampie 
carrier bef ore,.or ; after, application of the sample ~ in the 

measurement cell , is. . brought . .to close contact with the said 

* * *•' ' J ° ' s :> " * - ■ ' j 

detector and that afterwards radiation of the' intended 

wave3^r=ptn and the modulation frequency is directed towards 
the sample. .. ... \. 

Description of the drawings 

' ' * ■ " ^ --- -- . . ? . , 

The invention will now be described in more details with' 
reference to some embodiments shown in "the accompanying 



drawings 



•: r i / 



Fig.* 1 shows, a variant of .a optothermal measurement ceil where 
a ipiezo-electric crystal is .glued to the temperature expansion 

elf mc-r,t - ( the ..detector ) , ; , , 

**■■*■ " ■• . . • j. ' . v » • > 

Fig. v 2 sh° ws .the . . light. . intensity inside a sample and the 
amplitude of? the. heat waves at four different depths in the 

sample. Determining for the magnitude of the signal is ' the 

• •• TC • • > .-. . 

amplitude - of _the .heat ; .wayes ;l { when they reach to the 

temperatur . expansion element . r . T h e . curves in the figure is 

drawn for the case b.a= 1 . ... ^ a „ 

Fig.: 3a .-and b shows optothermal spectra for methyl green in 
two different concentrations. These, spectra show that it is 
possible to;qieasure b.a-values from 0,01 to 10. 
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n Pg< -.riot' "" oj embodiments 

A optothormal. .^'f ur-nent^ll, which per se is not a part o* 
the invention,; comprises^ .light passage 11V in 
enoan.ion. element (detector) 12, a plate of sapphire. ,-r,z. 



expansion, ^— -, . . , 

glas, or. the like is placed. The sample 14 in a sample .carrier 
13 is pUw, _ -. r . ... 



Jlac ed in contact with the expansion element 12. which 
is in contact with "a mechanoelectric transducer 15. e.g. a 
piezo-electric: . crystal. or alternatively a mechanooptic 
transducer i Modulated light of a certain wavelength is allowed 
to p a ss t h r, yg hjhe passa g e11>nd« he n * t ho light is *osorbed 
Py the .sample 1 4 ? rise of temperature is obtained 
'proportinal .to the absorbed energy.* Every light pulse which 
m eets the sample causes a rise of temperature of the sample 14 
and /every interval between the pulses allows cooling of the 

sample.. . ; , - 

The temperature variations in the sample 14 results in an 
axternating expansion and contraction of the expansion element 
12 and this movement is converted by the transducer .5 to-ar, 
electrical or . optical signal . which is amplyfied and 
registered by a registration instrument. 

The r-.mple 14. which consists of a solid materia" = 
liquid, can be applied directly on the expansion element 1* or 

' ; ■ .:• - to " the ' Present invention . is applied on a 
like according to tne 

sample cirri.. In Fig. 1 is schematically 

sample carrier 13 with a sample 14 applied on an expans.cn 
element 12 in an optothermal detector. • Intensity-modulat d 
radiation of a certain wavelength and modulation frequency is 
directed towards the ' sample . The light absorption of the 

• ' + n a where a is the absorption 

sample is proportional to e 

coefficient of the sample and x is * the distance from, the 
expansion element. The .absorption thus decreases exponentially 
with the distance according the curve indicated in figure 2. 

The rise of the temperature of the sample is pxdortional to 
the light absorption and by that to e . • Th heat diffusion 
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from .the sample to. the expansion 1 element^ is 1 proportional ; to 
e" X where b is the thermal clif fusion*" 1 length ^ which > : i s 

' ' - ? * • * ■ t . r. • . • ^ 

defined above. . ^ ^ . . ; 

Dimensioning -For the sample carrier is the product' b . a . /which ... 
from experience should be between 0,01-10 f or f ma king,; the 
measurment meaningful. If b.a is less than 0.01 the signal is 
drowned in ..back noise and background sighal. If bv a r exceeds. 1 0 
the signal is so strongly saturated that every determination 
of b.a out of one mesurement is very uncertain: > 

- • * . r> ... 

I-T b.a icr the sample in question exceeds 10 b' or • a or both , 
these factors must be reduced. A way to obtain a -reducing of 
the absorption coefficient is naturally to dilute the sample. 
Tfte absorption coefficient a can also be reduced if the sample 
carrier has a certain porosity so that' the sample- is? 
"diluted* when it is applied on the sample carrier. The" sample: 
• carTd-er ^-in* th-i's- case - ^consi^-s - -bif- -l-sa •.matrix which ; dae.s not 

- ■ ' " ■ *.*!.■■•; r :, . j . . . .... 

absorb .the sample and with a suitable amount of cavities into 
which the sample can penetrate. The diffusion length b can be 
reduced if the matrix of the sample carrier has a low heat 
dif f usivety and also per se a small b-value. The diffusion 
length b for. the sample carrier with sample 1 becomes less than 



b. for only 



the sample. A combination of the : above ' mentioned 
measure s. : is. of course possible. ....... 



In the case that a. b is between 0.01-10 for the sample itself 
(without sample carrier) the sample carrier should effect the 
characteristic^ of the sample as little as possible, Tne 
sample carrier should then absorb much liquid compared to its 

*■ ■ - ■*. ' J . ; _% , ■ • ■ ' * r r . . • 

weight or volume. If the sample becomes a little diluted ' then 
it ..is , applied .oo,.,the sample carrier the reduction of a r can 

partially be compensated by b being increased somewhat: The 

. . - re* r. .. . , .... ; . w . . m m m 

sample carrier itself should then have a high heat diffusivity 

<x t where ql= 2k jt which k = the thermal conductivity of th 

sample carrier. p=density of the sampl carrier and c=the heat 
capacity of the sample carrier at constant pressure. 
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he i,crea, 8 d.>A ,ay,pf. 1 inpre a sin ? ,b is to apply the sample on 
a sample- carrier . consisting ^ th*n fibers, which are located 
transversely to the surface of the expansion element. These 
fib ers should should he thin and have a high heat conductivity 
in . orderto make, b ..for the sample carrier with sample exceed b 
-Tor only the sample. ? . „. 

If the Sample carrier, consist s of several layers, the layer 
closest- to the expansion element should be dimensioned m the 
above mentioned way . v . , : . c 

If, the sample carraer. contains a colour reagent, this should 
^ave *«ch...« concentration that b.a falls within the interval 
0.01-10 when the colour has been gener ated. 

The above- conditions for ba applies only for the Wavelength 
o*. the r.di*ti..n with which the measurements are intend to be 
- ... .,,.^«r me d-^ - a Varies with the wavelength - Furthermore the 
modulation frequency^.should . be within the interval 0 . i Hz- 1 

kHz . as the diffusion; length, b is dependent on the modulation 

•frequency* ^ • : . . 

There are also "previously Known sample carriers with several 
layers- ..where each layer has different function. e.g. 
- ur^inn function, x eagent "adding function, ate. Such sample 
carriers can with advantage be used together wxth optothermal 
spectroscopy, e.g for analysis of blood . 

T . obtain "this one" can " use the limited thermal diffusion 
.length';,, was defined, above in order to dimension - one or 
several layer, in the sample carrier.' This makes i c no longer 
necessary to.', .make., ,a ' special separation of tne different 
components , of .the blood before or during the mea surment . 
besides the separation which takes place in the different 
layers of the sampl carrier. 

This can be illustrated and be clarified in a number of 
embodiments . As th first example one can make sample 
carrier in one layer so that for example the red blood cells 

BAD ORIGINAU 
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are k pt out from .the. layer,, while the oth r blood components 
penetrates , the . layer. ...If, . this is at least one thermal 
diffusion length thick one ..can analyze the latter blood 
components without that - the . red b.lood cells interfere the 
measurment. The layer should also be so dimensioned that b.a 
is between, ca. 0.01. and -ca. 10. 

As a secpnd example one can make a sample carrier consisting 
of two layer s . the. bot.tpm layer .of which is at least one 
thermal ,» dif f usion length . thick . Furthermore the bottom layer 
should be so dimensioned $.ftat b. r a. ( is between 0,01-10. Those 
two v la y ejr: r : h a, ye . > jd x 4 f e r,e n t - chara cter is tics wh ich ma ke s ^ t 
possible that ( .$ome . component ■s J remain in, . the upper layer while 
others , : - which are .to .be analyzed r fya s s to the bottom layer, 
which is in ; close contact .with the expansion element in the 
optothermal detector. .Irrespective of the chosen light length 
it is these; sample components which are i n v the bottom, layer 

.n*. which - contributes to the signal, in the instcument ^ ...while the, 
sample components in the upper layer make very little 
contribute^, to tl>e - signal or non at all. If one works with a 
modulation frequency on 100 Hz the thickness of the bottom 
layer s.hould be at least ca,. 20 micrometer for a water 
solution. -Observe that one , does _no L t need, to rise or wipe away 
the sample .^components . in the^upper layer for performing the 

; analysis. . , .. _ - . * . 

As .:ar. third example. :r * the- s ample carrier , can .consist of three 
layersM a bottom layer at least f . one thermal diffusion length 
thick. an -.intermediate layer- which ^.actsJLike a barrier^ for 
some sample component s ■ and an upper layer which - receives the 
sample. The intermediate layer , can c f or example^ have such, a 
pore: size that- the red;. - blood cells of.. 4 the. blood can not 
penetrate the layer. In this way the .red, blood .cells are kept 
away from the bottom layer, where an optothermal analysis of 
other, rblood. components can be performed. 

- •• - • *r** * .... . -, 6 

As a 'fourth example. the sample carrier can consist of four or 
several layers , c wh r . . th, bottom layer has a thickness 
exce ding than one thermal diffusion length, and the other 

BNSDOCID: <EP 01 42481 A2_L> 
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layers make filtration functions and/or contains different 
reagents etc. The' selected and possibly chemically effected 
components of the sample treated in this way and which reach 
the bottom layer can be analyzed optothermally without being 
interfered ' from the Jj coWoneni s in the upper layers. 

It is of course possible to vary the modulation frequency and > 
the thermal diffusion length in the sample. One should 
therefore dimension the bottom layer of the sample carrier 
with respect to a ' certain' ; modulation - frequency or certain 
m odulation ;1 frequencies: today ^ it is uSual ^o W modulation 
frequencies of about 30 : HZ. which means that a suitable , 
minimum thickness" fo r ' W bottom layer is AO micrometer or 
thereabout, in Wiier^W^ta'iri W specially ^ good -insulation-, 
of the' signal from the bbVtom layer and signal from the upper 
layers one can increa se the' thickness W the bottom layer . «■ to,. 
4-or'"'oKam;.-a : ^wo' or four t'hprwl diffusion lengths For each- 

thermii^diffusion length in ttie thickness for the bottom layer 

one gains a factbr e=2.T in : " insulation' . 

A sample carrier aoeV not necessarily need to be homogenous in 
its iongituaihal direction/ but it can : have different .areas, 
with thinneV and^hicker "layers. or layers with different- 
characteristics 7 . Such a sample carrier can be- moved to 
iffer&t ^ViVi -n ; < with respect to the 6ptbthe*Wa.i. d-:t^.:*.or 
and the light spot or the light spot could also be moved with 
respect to the sample carrier. at which different sample 
ccopoHer.ts tfrVWal^e'd T i n : the" rfi<f f eVent part's ^of , the - sample , 
carrier. Altlrna^} ^l^the -dptothermal detector could -b* 
designed sdihai different part of -the Sample -carrier are 
effected in different ways;' for example illuminated with light 
of different coioufs' or 'with d if f erent ^modulation frequencies 
or with both' different light wavelengths -and modulation 
■frequencies at' the same 'time. 

It is also possible if one desire* ft> dimension several layers 
in one and the same sample carrier with respect to the thermal 
diffusion length. Supposing that one has a sample with a 
component A. which consists of two different types A,, and A 2 . 
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One will . measure both the proportion of A and the proportion 

' * • * - ir • - l » - ' - : v r. ■ j * r - * - ; i * - ; 

of A . One. can make a . sample carrier . with a bottom layer B 

with two part .layers; B„ t ,and The sample components in A 

*■ " - i . . ■ 2 ■ '-* "^.a * '• ;i . v t •*•»;. ; ; - * : - ■*-*■■;••_•".■ 

distribute in the layer s . B„ and . .B„ with A in B and A^in B„ . The 
thickness of itje bottom l.ayer : B lK is } dimensioned to correspond 
to a modulation frequency f_„.. ..sp. .that .the component A,, is 
analyzed . at this frequency . The. thicKn.es.s of the next layer 
is so dimensioned that at a rno^ulation. f req.uency .f , which is 
lower , than., f^.* corresponding : tq^ the total thickness 8^ + ; , 
the total quantity : of the sample component A is analyzed. In 
this. : way one can make a . "deep ;t analysis" by changing the ^ 
modulation frequency and uiing dif f * ve„n t thicknesses for the 
.layers,, dimensioned ? according to. ;) the , .respective thermal 
diffusion lengths. , , . r * 

One can also make analysises with two modulation frequencies 
at tne «;ame time : . This can be suitable , when, one . will study 
% the ^ m 'a bsorption/'at' "two ,,dif f erent light Wcjyelengths . a.t *the .same 
time. The. two different, light., wavelengths obtain each its 
modulation frequency. Experimentally, . it , has been . found out 
that.only a small - difference . in the modulation frequency is 

• *• • :-t - - r ' • ; t .-i ' v.- ' * ^<r :. - .t . : « . - J. . 

needed in order to provide an effective separation of the 
signals, for. ^HW^e 5 X frequency difference. In this case 
one , t can ,also dimension the. layers ,of the. sample carrier, with i 
:^-?f)Cj *:o. these ( two frequencies J r f, or example its mean value) . 
without, loosing the,, advantag.es^ o.f using such a dimensioning. 
Corresponding arguments, apply. for three, or several modulation 
frequencies snd light wavelengths. 

it" : :■ ■.. m z ■ - j r« y :. 1 .*»:• • r 

Several; . types, . s of . , sample . ..carriers, k - c ^ n , be ( d.e r yelop % ed , . .for 
measuring of, pH t ,. concentration.^qf molecyles, , .ions, etc., f and 
identification, of. . particles. and ceUs and.determinati.on, of . 
their, numbers and. size . : Supposing for .example that,, one has a, 
sample carrier with a substance ..which specifically binds some 
chemichal, ,such as .an enzym L ,. Z 0 whiph is specific for a . certain 
subs trate ... ,S . The .product .P can, have a light absorption which. , 
differs from the light absorption of Z m a nd . S . ; which makes an 
optothermal detection and by that a determination of the 
substrate S possible. If the light absorption of the product P 
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is not special on this way. the' sampl carrier can even 
conta in a * chromopnore" R which at the 'reaction wi th the 
procduct P changes' the' 7 colour so that the detection of P can 
be performed by measuring: at an appropriate wavelength and the 
substrains in this case ^ahbe deterniined • Thu s one can apply ^ 
the sample on i'he Sample carrier and if che sample contains 
the substra te ^ S 6 the concWntr a tion of the substrate * is 
optothermicaily determined by' quantifying the product P or the 
chromophore R . The sample carrier with the enzym Z and 
possibly the chromophore R xs J so dimensioned that the product 
a.b is larger than ca : 0 .01 and smaller than ca. 10 for P or P 
plus k considering the wavelength and modulation frequency.* 
The sample ''carrier^ consist of one or several 

layers in order to perform necessary treatment of the sample 
(filtration, chemical treatment, dilution etc.) 

If the expansion element is brought to contact with an agent 
which alters- colour at the presence of a specific gas., one can 
then measure the 'gas " concentration by means of the colour 
alteration, with a stratified sample carrier one can put 
filtration- and treatment layers, which are selective for the. 
mentioned gas over the chromophore layer. 

There are known well-defined plastic pellets with typical 
diameters corresponding the diameters of living cells; This 
can tie provided with specific surface characteristics, etc. As 
typical diameters are about ten micrometer this coincides with 
one thermal diffusion length in many cases. Therefore it is 
possible to manufacture sample carriers for optothermal 
spectroscopy with a bottom layer consisting at least partly of 
such plastic pellets provided with certain characteristics. 
The sample; Which 7 is "applied from above, does not inter-Fere 
with the measurm^ht ri as it ~ is v more than one' thermal diffusion 
length away from the detector; Here one can also use the 
enzym-substrat L procedure. f or ^example . The pellets can 
naturally be of an ther mateViSi than plastic and they need 
not to be e.g. spherical. i.e'^ they can be denoted as 
particles . 
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In order to encase e.g. sensitive reagents in the sample 
carrier during transport, a protective layer can be arranged 
on the outside of this. which can be removed before the 
application of the sample. Be tween the active layers of the 
sampler carrier., the.re, can, also be. arranged similar protective 
layers, which' prevent • t : h.e rea.gents from passing from one 
laver to another and : which , can be removed before the 
measurement as well.r „ r , * - : . 

• 5 *V - '* * *" \ • ' \ 1 t } - — r\ - . ■ . . , ;. , 

Further, applications -for stratified, sample carriers are in 
chemical process control and in column control (Sephadex and 
similar columns). t * • 

It is- necessary that ( the sample, carrier, is in thermal contact 
with the detector during, : .the , measurement . This -can be obtained 
by exerting,, a physical pressure on the sample carrier or also 
by chemically-binding :the,. sample carrier to the detector . Thus 
the sample.: ; carrier, can be brought to the. close contact with 
the detector either "temporarily". r or "permanently" . 

• - • 1 i f* ■ ' I* ^ ; '. « .. *. * • • j • , 

The\ invention ^ -is„ o,f course . ,.not restricted to the example 
mentioned, above r bu<t .can be. yaried witliin the scope of the 
following claims. - The. method, and the sample carrier have 
been described and examplified referring to optothermal 
scy.troscopy but %re elso applicable at photo^coustif 
spectroscopy (according to e.g. US patent 3.948.345) and 
optothermal ^spectroscopy., according, to^ other, embodiments than 
those ;whicb were described ..above . The method 4 and the sample 
carrier , are applicable -^h a never, the thermal diffusion length b 
and: the, OJ cqeff icien.t . of absorption , for the light a are 
dimensioned,.; ,f orr a the .measurement process. With the term light 
is, meant all, kinds, of visible and non-visible electromagnetic 
radiation, -for example UV- , IR- and X-ray radiation. 
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CLAIMS 



1. A method for analysis" of a sample of a substance by means 
of photoacoustic ' or optothermal spectroscopy . wherein the 
sample 'MO is placed "in contact' with a detectox { i 2 ) which is 
illuminated by an intensity-moduia ted radiation of a certain 
wavelength. of which any radiation absorbed by the sample, 
causes temperature variations which are converted to an 
electrical or optical signal in the detector, which signal is 
regi str ered . 

characterized j. r. 

that the sample (14) is applied on a sample carrier (13) which 
is so dimensioned that O.OKa. t>< 1 0 f or the sample carrier 
with ' the sample at the intended Wavelength and the . Modulation 
frequency.' where a is the absorption coefficient 'of the sample 
•.vlth sample carrier at the intended wavelength and b is the 
thermal diffusion 'length for the sample with the sample 
carrier at the intended modulation freqvecy. that the sample 
carrier before or after the application of the sample is 
brought to "the close contact with the "said detector (1 2 ) and 
that afterwards radiation fo the intended wavelength and the- 
modulation" frequency*" 'is directed against the ! sample. - 



Z. •» n-t: od aY-ording to clainr- 1 i . 
characterized in. 

that the ' sample' Yu ? *i s a p'pl ied on' a* stratified Sample' carrier , 
I i 3» having at lVa?t a Wottom iay^r ! the' thicKnesss of which 
is at :' ' 1** i*r J Vbout one thermal diffusion length b for the 
intended modulation '''frequency' Vh'd °for the intended" ^simple . and 
that the sample carrier before or after the application of the - 
sample is 'brought with the said bottom i-yer to-' close contact 
with detector (12). 

3. A sample carrier for analysis of a sample of a substance in 
a photoacoustic or optothermal measurment cell. wherein the 
sample (14) is intended to be placed in contact with a 
detector (12) and is illuminated with modulated radiation of a 
certain wavelength according to the method stated in claim 1. 

BAD ORIGINAL 
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c h a r a ct t; e -r i ~z e 5 d . A .n . v , r , ; . . Vv , ; £ ., 

that'- 1 'the sample, /carrier. >.£13l. . ?;; i?. : - . %° } ?i dimensioned tnat 
0.0t<a.b<t0 for- the sample carrier with the intended sample 
( 14 r. where a ;is >the absorption^ coefficient of the sample 
carrier- with sample at *he intended waye^enoth and b is the 
thermal diffusion length for the., sample carrier with sample at 
the intended modulation frequency. 



4. The sample carrier according to claim 3. ( 

c h a r " a c 4 1 e* r .1. z. e xt . >. i n,... ... ? t; 

that the upper part is so designed that some components of the 
sample (14) are prevented fcom parsing, .through the said P, art 
and that the lower part. which is :i .intencle^ to f ace the 
detector (12). has a thickness almost equal to or exceeding 
one thermal diffusion; length ~fo* the sample carrier i 13) with 
that part of the sample which is, to> be analyzed at the 
intended modulation frequency- ; _ , 

5. The sample carrier according to claim 3 or 4 , 

c h a r a c -t e r i z< ,e d , - i n Vl . .... ^ . 
that it contains substances which at the presence of certain 
sample substances through chemical , reaction generate a 
chroraogenous substance with ? a ? characteristic absorption 
coefficient .a, where p . 0 1< a . 1 0 for, the .analyses intencjed for 
t^<s sample carrier M3) . . < .v^^iA^ j >r . . : ,r..- f r . - 

6. The sample carrier according to claim 3. 
characterized in, 

that it comprises two or several layers with different 
functions. for example filtration- and/or reagent addition 
functions, and that the layer which is intended to be placed 
closest to the detector (12) has a thickness which is at least 
about one thermal diffusion length b for the intended sample 
and the intended modulation frequency and that 0,0Ka.b<10 for 
said layer at the intended wavelength and modulation 
frequency . 

7,. The sample carrier according to calim 6. 
^VW^i^c terized in. 
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that it comprises s veral layers where one or s vera layers 
contains substances' which together with the intended sample 
substance I can generate a chrdmbgeiious substance in the. 
bottom layer o-f the sample ' carrier ( 13 > V which is intended to 
face the detector (12). and that O.OKa.bOC for said layer 
with the said chromogenous substance. 

8. The sample carrier according to claim S or 7 . 
characterized in, 

that the layer of the sample carrier (13) which is? intended to 
be closest to the" detector (12) comprises particles.- Xh* 
diameter of wn: ch is of the size one thermal diffusion length, 
b for the intended sample'. 



9. The sample carrier according to claim 8; ^ : 

c\'.?:y.'\\ ■■ . .. r\. . . ■• > ■• . .. • , - : „ . ... 

characterized x n , 

that said partirle- are provided witn reagents for the 
intended sample. 

10. The sample carrier according to any of the cla-lms 3-9, 
c h a r a c t e r i \ e d i n, u ^ . j. 

that on the outside of 'the £ sample carrier anJ/ox between, 
different layers of the' sample carrier there is placed a 
protective iaye*? which protects and encases e.g. res?g*r»t.s smri 
which can be removed before n>easurment. 



j _> j. ■ . ' • 
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@ A method for analysis of a sample of a substance by means of photoacoustic or optothermal spectroscopy and a sample 
carrier for performing of the method. 

@ A method for analysis by a sample of a substance by 
means of photoacoustic or optothermal spectroscopy. The 
sample of substance is applied on a sample carrier (13), 
which Is so dimensioned that 0.01 <a.b^10 for the sample 
carrier with the sample at the intended wavelength and the 
modulation frequency, where a is the absorption coefficient 
of the sample and b is the thermal diffusion length for the 
sample at the intended modulation frequency. The sample 
carrier with sample is brought to close contact with the 
photoacoustic or optothermal detector (12) of the mea- 
surement cell, where the measuring can be carried out. For 
a sample carrier with several layers, the layer facing the 
detector is demensioned with a thickness which is at Iea3t 
one diffusion length b for the intended sample and the 
modulation frequency. The invention also relates to sample 
carriers intended to be used for performing the method. 
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